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F-Fluorocholine (FCH) PET/CT is a promising modality for the detection of abnormal parathyroid tissue(s) [1] . FCH PET/ CT may show variable tracer uptake in different incidentally detected benign and malignant lesions in the thyroid gland. FCH taken up by the thyroid gland during parathyroid imaging requires further evaluation as the uptake may be pathological [2] [3] [4] [5] [6] . While the incidental finding of focal FDG uptake in the thyroid gland on whole-body FDG PET/CT done for other conditions might indicate a malignant lesion requiring further work-up, the absence of FDG uptake in a large thyroid nodule nearly excludes malignancy [7] [8] [9] . We present the case of middle-aged woman in whom functional imaging studies helped detect the dual pathology of parathyroid adenoma and papillary thyroid carcinoma (PTC).
Case Report
A 56-year-old woman presented with epigastric pain and vomiting (occasionally bilious) for 5 days with similar episodes in the past 2 years. Her biochemistry work-up revealed elevated calcium (12.3 mg/dL, normal range 8.8-10.2 mg/ dL), alkaline phosphatase (212.94 U/L, normal range 42-128 U/L) and intact parathyroid hormone (PTH) level (167 pg/mL, normal range 15-65 pg/mL), and a low phosphate level (2.47 mg/dL, normal range 2.7-4.5 mg/dL). She was managed symptomatically with a provisional diagnosis of acute on chronic pancreatitis secondary to the raised PTH The original version of this article was revised to correct the name of the fifth author.
level. Neck ultrasonography showed a hypoechoic soft-tissue lesion inferior to the left thyroid lobe with multiple small hypoechoic lesions in the right upper thyroid lobe. TcSestamibi (MIBI) planar imaging of the neck and mediastinum (Fig. 1a, b) showed a focal tracer-avid lesion below the left thyroid lobe on both early and delayed images. Transaxial CT and SPECT fused images showed a soft-tissue lesion with tracer avidity inferior to the left thyroid lobe (Fig. 1c, d ) suggestive of left inferior parathyroid adenoma.
An FCH PET/CT scan performed after intravenous injection of 185 MBq of radiopharmaceutical as part of an ongoing project at our institution showed a choline-avid focus (SUVmax about 16) in the left lower neck and a faint choline-avid focus in the right upper neck on the maximum intensity projection (MIP) image (Fig. 2a) of the neck and mediastinum. Transaxial CT and fused images showed a faint choline-avid hypodense lesion in the right thyroid lobe and an intense choline-avid soft-tissue lesion inferior to the left thyroid lobe ( Fig. 2c-g ). The MIP image (Fig. 2b ) of the FDG PET/CT scan of the neck and mediastinum showed an FDGavid focus (SUVmax about 16) in the right upper neck. Transaxial CT and fused images showed an intense FDGavid hypodense lesion in the right thyroid lobe and a non-FDG-avid soft-tissue lesion inferior to the left thyroid lobe (Fig. 2c-h) .
FDG PET/CT performed for thyroid nodule characterization and staging of the neck showed an intense FDG-avid hypodense lesion in the right thyroid lobe and no FDG uptake in the left parathyroid adenoma, while FCH PET/CT revealed mild FCH avidity in the lesion in the right upper lobe of the thyroid gland and an intense FCH-avid left inferior parathyroid adenoma. Ultrasound-guided fine-needle aspiration cytology of the right upper lobe thyroid lesion (intense FDG and mild FCH avidity) revealed the presence of PTC. The patient underwent right hemithyroidectomy for PTC and excision of the left inferior parathyroid adenoma.
Histopathology of the surgical specimens confirmed the preoperative findings of PTC and parathyroid adenoma with histological sections showing the papillary configuration of the PTC (Fig. 3a) and the nuclear features of the PTC in the form of optical clearing, overcrowding and grooving (Fig. 3b) . Figure 3c shows a histological section of the normal parathyroid gland, and Fig. 3d shows the parathyroid adenoma with the inset showing the adenoma and normal parathyroid at the periphery of the adenoma. The serum PTH level (32 pg/ml) and calcium level (8.8 ng/ml) became normal on the third Fig. 1 a, b   99m Tc-Sestamibi dual-phase planar images show a focal tracer-avid lesion (arrows) below the left thyroid lobe on both the early (a) and delayed (b) images. c, d SPECT/CT images of the neck and mediastinum: transaxial CT (c) and fused (d) images show a small soft-tissue lesion with tracer avidity inferior to the left thyroid lobe postoperative day. At the time of this report, the patient was asymptomatic with a normal biochemical profile.
Discussion
Choline, a precursor in phosphatidylcholine biosynthesis in cellular membranes with upregulation of choline kinase in tumor, as well as its use in the evaluation of prostate cancer, shows uptake in various benign and neoplastic lesions [10] . FCH PET/CT is emerging as a novel imaging modality for the detection of parathyroid lesions [1] . However, additional pathologies including thyroid lymphoma, differentiated thyroid carcinoma, lymph node metastases from tall-cell thyroid cancer, Hürthle cell adenoma and oncocytic adenoma of the thyroid show variable FCH uptake and have been detected on FCH imaging [2] [3] [4] [5] [6] . FDG, a glucose metabolic marker, has demonstrated focally increased uptake in incidentally detected thyroid lesions with more than one-third of them being malignant, but performs poorly in the localization of the parathyroid gland [7, 8] . A negative FDG PET/CT study in the evaluation of suspicious thyroid nodules shows high negative predictive value for malignancy particularly in larger lesions [9] .
The subject of the case presented here showed an FCH-avid, MIBI-avid and non-FDG-avid left inferior parathyroid adenoma. The incidentally detected right thyroid nodule showed intense FDG avidity and mild FCH avidity and the postoperative histopathology showed PTC. The findings reported here are different from those of a study of four newly diagnosed patients with recurrent thyroid cancer in whom the primary disease, and locoregional and lung metastases showed choline avidity (SUVmax 7.9 ± 4.9) and absent or mild FDG uptake. Similarly aggressive lymph node metastases from a thyroid malignancy have shown choline avidity without FDG avidity in a case report [4, 6] . These findings indicate that benign as well as malignant thyroid lesions may show differential FDG and FCH uptake, making the complementary use of both imaging modalities worthwhile in the situation of a patient with dual pathology.
This case report emphasizes the significance of the dual pattern of high FDG and low FCH uptake in an incidentally detected thyroid malignancy with absent FDG and high FCH uptake in parathyroid adenoma in a patient requiring appropriate evaluation.
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